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BACKGROUND OF THE INVENTION 

In rotary drilling of subterranean wells numerous functions and characteristics are 
expected of a drilling fluid. A drilling fluid should circulate throughout the well and 
carry cuttings from beneath the bit, transport the cuttings up the annulus, and allow their 
5 separation at the surface. At the same time, the drilling fluid is expected to cool and 
clean the drill bit, reduce friction between the drill string and the sides of the hole, and 
maintain stability in the borehole's uncased sections. The drilling fluid should also form 
a thin, low permeability filter cake that seals openings in formations penetrated by the bit 
9 and act to reduce the unwanted influx of formation fluids from permeable rocks. 

Drilling fluids are typically classified according to their base material. In oil base 
fluids, solid particles are suspended in oil, and water or brine may be emulsified with the 
oil. The oil is typically the continuous phase. In water base fluids, solid particles are 
S 13 suspended in water or brine, and oil may be emulsified in the water. The water is 
| 14 typically the continuous phase. Pneumatic fluids are a third class of drilling fluids in 
2 15 which a high velocity stream of air or natural gas removes drill cuttings. 

Invert emulsion fluids, i.e. emulsions in which the non-oleaginous fluid is the 
discontinuous phase and the oleaginous fluid is the continuous phase, are employed in 

18 drilling processes for the development of oil or gas sources, as well as, in geothermal 

19 drilling, water drilling, geoscientific drilling and mine drilling. Specifically, the invert 

20 emulsion fluids are conventionally utilized for such purposes as providing stability to the 

21 drilled hole, forming a thin filter cake, lubricating the drilling bore and the downhole area 

22 and assembly, and penetrating salt beds without sloughing or enlargement of the drilled 

23 hole. 

24 Oil-based drilling fluids are generally used in the form of invert emulsion muds. 

25 An invert emulsion mud consists of three-phases: an oleaginous phase, a non-oleaginous 

26 phase and a finely divided particle phase. Also typically included are emulsifiers and 

27 emulsifier systems, weighting agents, fluid loss additives, viscosity regulators and the 

28 like, for stabilizing the system as a whole and for establishing the desired performance 

29 properties. Full particulars can be found, for example, in the article by P. A. Boyd et al 

30 entitled "New Base Oil Used in Low-Toxicity Oil Muds" in the Journal of Petroleum 
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. . i t> tj Rennet entitled "New Drilling 
-r u i ™ 1QR5 137 to 142 and in the Article by R. B. Bennet enuuc 

981 and the Iterator. <M therein. Also reference . made ,0 the descnpt.0 

H. - " 

Edition H. C. H. Dariey, Georee R- Gray, Gu,f PubiisMng Company, 1988, pp. 3,8 332, 
(hecon^ntsofwhichareherebymcorporatedbyreference. 

, two Because of the unique characteristics of such compounds, me 

^e 11 can be used to — invert emu,s,on driUin g Hutds and ye, rem,n 

biodegradable. 



SUMMARY OF THE INVENTION 

- • aiw directed to an invert emulsion drilling fluid that 
The present invention is generally directed to an in 

v A,Me surfactant As disclosed below, such a fluid 
is formulated using a biodegradable surfactant. 

• v, i n non-oleaginous discontinuous phase, a 

includes- an oleaginous continuous phasfe, a non oleagino 

Tf fattvacidesterofd^ * 
surfactant that is a fatty acid este o ig* ^ ^ ^ 

one such illustrative embodiment, tteT surfactant 

which the fatty acid has the formul/ R C0 2 H and R is an allcyl or akenyl havin 10 to 20 
which the fatty J ^ ^ ^ ^ ^ rf m which 

carbon atoms. Alternately y „ ^ having 10 to 20 

the fattv acid has the formula RC0 2 H ana tne k 

^atoms. More pre/lbl, the surfactant ,s selected from po,y g ,ycer„-2 
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diisostearate or polyglycery/1-3 diisostearate or mixtures and combinations of these. One 
of skill in the art should appreciate that the oleaginous fluid may be selected from a wide 
variety of suitable materials. Examples include: diesel oil, mineral oil, synthetic oil, ester 
oils, glycerides of fatty aiids, aliphatic esters, aliphatic ethers, aliphatic acetals, or other 
such hydrocarbons and iombinations and mixtures of these and similar fluids. In a 
similar manner, the non-oleaginous phase may be selected from a wide variety of suitable 
materials. Examples of/which include: fresh water, sea water, brine, aqueous solutions 
containing water soluble organic salts, water soluble alcohols or water soluble glycols or 
combinations and miitures of these and similar fluids. The weighting agent component 
of such an illustrative drilling fluid can be either a water-soluble weighting agent or a 
water insoluble weighting agent or combinations and mixtures of these two. In one 
illustrative embodiment, the water insoluble weighting agent is selected from barite, 
calcite, mullite, g/llena, manganese oxides, iron oxides, or combinations and mixtures of 
these and simila/ solid materials used to weight drilling fluids. In another illustrative 
embodiment, thi water soluble weighting agent is selected from water soluble salts of 
zinc, iron, barium, calcium or combinations and mixtures of these in aqueous solutions 
used to add we(ght to drilling fluids. 

Also encompassed by the present invention are the methods of formulating such 
fluids and using such fluids in the drilling of subterranean wells. For example in one such 
embodiment, a drilling fluid as described below is formulated, circulated in a rotary 
drilling drill string and utilized as the drilling fluid in drilling a well. 

These and other features of the present invention are more fully set forth in the 
following description of preferred or illustrative embodiments of the invention. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The present invention is generally directed to invert emulsion drilling fluids and 
their use in the drilling of subterranean wells. The invert emulsion fluids of the present 
invention generally are composed of an oleaginous continuous phase, a non-oleaginous 
discontinuous phase, a surfactant that is a fatty acid ester of diglycerol or triglycerol, and 

a weighting agent. 
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As used herein the term "oleaginous liquid" means oil which is a liquid at 25°C 
and immiscible with water. Oleaginous liquids typically include substances such as 
diesel oil, mineral oil, synthetic oil such as polyolefins or isomerized polyolefins, ester 
oils, glycerides of fatty acids, aliphatic esters, aliphatic ethers, aliphatic acetals, or other 
such hydrocarbons and combinations of these fluids. In one illustrative embodiment of 
this invention the oleaginous liquid is an polyolefin material which provides 
environmental degradability to the overall drilling fluid. Such polyolefins should be 
selected such that the molecular weight permits for a functional invert emulsion drilling 
fluid to be formulated. Especially preferred are isomerized polyolefins having a carbon 
backbone of 1 6 to 1 8 carbons and in which at least one point of unstaturation is internal. 

The amount of oleaginous liquid in the invert emulsion fluid may vary depending 
upon the particular oleaginous fluid used, the particular non-oleaginous fluid used, and 
the particular application in which the invert emulsion fluid is to be employed. However, 
generally the amount of oleaginous liquid must be sufficient to form a stable emulsion 
when utilized as the continuous phase. Typically, the amount of oleaginous liquid is at 
least about 30, preferably at least about 40, more preferably at least about 50 percent by 

volume of the total fluid. 

As used herein, the term "non-oleaginous liquid" mean any substance which is a 
liquid at 25°C and which is not an oleaginous liquid as defined above. Non-oleaginous 
liquids are immiscible with oleaginous liquids but capable of forming emulsions 
therewith. Typical non-oleaginous liquids include aqueous substances such as fresh 
water, seawater, brine containing inorganic or organic dissolved salts, aqueous solutions 
containing water-miscible organic compounds and mixtures of these. In one illustrative 
embodiment the non-oleaginous fluid is brine solution including inorganic salts such as 
calcium halide salts, zinc halide salts, alkali metal halide salts and the like. 

The amount of non-oleaginous liquid in the invert emulsion fluid may vary 
depending upon the particular non-oleaginous fluid used and the particular application in 
which the invert emulsion fluid is to be employed. Typically, the amount of non- 
oleaginous liquid is at least about 1, preferably at least about 3, more preferably at least 
about 5 percent by volume of the total fluid. Correspondingly, the amount should not be 
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! so great that it cannot be dispersed in the oleaginous phase. Wore, typically the 
amount of non-oleaginous liquid is less than about 90, preferably less than about 80, 
more preferably less than about 70 percent by volume of the total fluid. 

As the term is used herein, "surfactant" and "emulsifier" or "emulsifying agent- 
are used interchangeably to indicate that component of the invert emulsion drilling fluid 
that stabilizes the invert emulsion. One of ordinary skill in the art should appreciate that 
such a compound acts at the interface of the oleaginous and the non-oleaginous funds and 
lowers the differences in surface tension between the two layers. In the present invenUon 
it is important that the emulsifying agent does not adversely affect the biodegradabmty of 
the invert emulsion. The ability of any particular emulsifying agent to stabilize the mvert 
emulsion can be tested by using the invert emulsion test disclosed below. In add-on rf 
the emulsifying agent is to be useful in the formulation of a drilling fluid, the emulsifier 
should be thermally stable. That is to say, the emulsifier must not break down or 
chemically degrade upon heating to temperatures typically found in a downhole 
environment. This may be tested by heat aging the emulsifier as is done in the Examples. 
Typically prior art emulsion compounds are difficult or are very slow to 
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17 biodegrade. However, it has been found tha/fatty acid esters of diglycerol or triglycerol 

18 function as surfactants that are readily bio/egrable. In one preferred embodiment of the 
present invention, the surfactant is a diitty acid ester of diglycerol in which the fatty 
acid has the formula RC0 2 H and the/ is an alkyl or akenyl having 10 to 20 carbon 
atom, Alternatively, the surfactant i/a di-fatty acid ester of triglycerol in which the fatty 
acid has the formula RC0 2 H and the R is an alkyl or akenyl having 10 to 20 carbon 
atoms As illustrated in the exam/les below, it is especially preferred that the surfactant 
is a polyglyceryl-2 diisostearate/or P olyglyceryl-3 diisostearate or mixtures of these. A 
suitable emulsifier within th/scope of the present invention should be capable of 
stabilizing the invert emuls/on under conditions of heat aging. The amount of the 
emulsifier needed to form/stable invert emulsion can be determined by systemaUcally 
adjusting the amount of e/ulsifier added and testing the stability of the fluid. Preferably 
the amount of emulsifie/should be from about 1 to about 20 pounds per barrel (ppb) and 

30 more preferably from about 8 to about 12 ppb of the drilling fluid. 
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The invert emulsion drilling fluids preferably contain weigh, matenals. The 

f the final composition. The preferred weigh, materia* inciude, bu, are no hunted » 
fcrite, calcite, mullite, gal.ena, manganese oxides, iron oxides, mixtures of the, and the 
lik e. The weigh, ma,eri, is typically added in order to obtain a drilling flurd dens*, „ 
.ess than about 24, preferab,y less man about 2., and most preferably less man about .9.5 

^Visc^ng agents, for example, organophi.lic clays, may optionally be 
employed in the invert drilling fluid compositions of the present invention. Usua. y, 

, in the composition will necessarily vary depending upon the end use of me compos 
Usually such viscosifying agents a* employed in an amount which is a, least about CU 

of the total fluid. VG-69™ and VG-PLUS™ are organoday matenals and Versa HRP 
^ plUide resin materia, manufactured and drstributed by M-. „C. whtch are 

suitable viscosifying agents. 

Fluid loss control agents such as modifled lignite, polymers, ox,d,zed asphalt and 
gilsonite may also be added ,0 me invert driUing fluids of ,his invention. UsuaUy such 
fluid loss control agents are employed in an amount, which ,s a, least about 0, 
pre ferab,y at least about ., more preferably a, .east about 5 percent, by weight to volume 

0f 4116 'of!! in the art may readily identify using the following ,es, if he has used 
m e appropriate ingredients and amounts to form an invert emulsion: 

,Lr Emulsion Test: A small portion of the emulsion is placed m a beata 
whi ch contains an oleaginous fluid. If the emulsion is an invert emulsion, the smafl 
portion of me emulsion wi., disperse in me o.eaginous fluid. Visual mspechon w,.l 
determine if it has so dispersed. 

^ca, emmsion stabnity tester. General* Ore voUage applied across two electrodes ,s 
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incre ased until die emulsion breads and a surge of current flows between the two 
Itrodes. The voltage re,uhed to - * emidsion ,s a ~ 
stability of such an emulsion. Oner tests are described on page .66 of the b oo , 
L^i^^ 5th Edition a C H. 

SS^get^ ~ of which are 

hereby incorporated by reference. . mh „ d i me „ts of 

Tie Mowing examp.es are included to demonstrate preferred embodiments 
m e invl, ., srld be appreciated by those of «. in tbe ar, « me techmaues 
in me examp.es which follow represent techniques discovered by me mven, 

preferred modes for its practice. However, those of W i» *e ar, should, m^ gh of * 
present disclosure, appreciate tha, many changes can be made m th 
embodiments which are disclosed and still oHain a U. or s,m„ar result without 
departing from the scope of the invention ^ 

The following examples are subnutted for the purp 
performance characterises of me drilling fluid compositions of mis mventron. ^ 
ests were conducted subtly in accordance with the procedures m API BuHetrn RP 

tests were cuu The following abbreviations may 

13B-2, 1990 which is incorporated herein by reference. The followmg 
be used in describing the results of experimentation: 
, .^.■Mse.ecMca.s.bi.i.ofmeemu.sionasmeasuredbymetestdes^din 

^io*,^^ 5m Edition, a a a 

Ihelyinlrporatedbyreference. Oe„era.,y, me higher me number, me more s.b,e 



r v ij . w 

characteristics of a drilling fluid, measured in centipoise (cP) units. 

is yield point that is another variable used in the calculation of viscosity 
characteristics of drilling fluids, measured in pounds per 100 square fee, (IbAOOtf) 

A V is apparen, viscosity ma, is another variable used in the calculation of 
viscosity characteristic of drilling fluid, measured in centipoise (cP) units. 
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1 "GELS" is a measure of the suspending characteristics, or the thixotropic 

2 properties of a drilling fluid, measured in pounds per 100 square feet (lb/100 ft 2 ). 

3 " API F.L." is the term used for API filtrate loss in milliliters (ml). 

4 "HTHP" is the term used for high temperature high pressure fluid loss at 200°F, 

5 measured in milliliters (ml) according to API bulletin RP 13 B-2, 1990. 

6 As used in the formulation of the drilling fluids illustrated in the following 

7 example the following component names are intended to mean the following: 

8 10 C 16 , 8 is a isomerized olefin used as a synthetic based drilling fluid available 

9 commercially as Amodril-1000 from Amoco Co. 

10 Bio Base-300 is a mixture of blended linear parafin (93%) and olefin available 

1 1 commercially from Shrieve Chemicals Co. 
BENTONE 38 is an organophillic clay viscosifying agent available commercially 

1 3 from M-I LLC of Houston, Texas. 

MI Bar is a barite based weighting agent available commercially from M-I LLC 

15 of Houston Texas. 

16 Emulpharma PG20 is a emulsifier available commercially from RES Pharma of 



17 Italy. 
18 



VERSAWET is a wetting agent available commercially from M-I LLC of 

2 19 Houston Texas. 

S 20 VERSAVERT F is a fluid loss control agent available commercially from M-I 

2 1 LLC of Houston Texas. 

22 VERSA SWA is a wetting agent available commercially from M-I LLC of 

23 Houston Texas. 

24 VERSAMOD is a LSRV agent available commercially from M-I LLC of Houston 

25 Texas. 

26 BENTONE (EMI 155), is a viscosifier available from M-I LLC of Houston 

27 Texas.. 

28 ARM 1-73A is a choline chloride emulsifier available commercially from Special 

29 Product Co. of Houston, Texas. 
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! Ecotrol (EMI-526) is a fluid loss control agent available commercially from M-I 

2 LLC of Houston, Texas 

3 VG PLUS is a viscosifier available commercially from M-I LLC of Houston 

4 Texas. 

5 NOVA PLUS is a synthetic mud system available commercially from M-I LLC of 

6 Houston Texas. 

7 NOVAMUL is a emulsifing agent used with the NOVA PLUS system available 

8 commercially from M-I LLC of Houston Texas. 

9 NOV A WET is a wetting agent used with the NOVA PLUS system available 

10 commercially from M-I LLC of Houston Texas. 

1 1 VERSACOAT is a primary emulsifing agent available commercially from M-I 

12 LLC of Houston Texas. 

13 Lime is commercially acceptable grade of calcium hydroxide commonly 

14 available. 

15 CaCl 2 (95%), is an aqueous calcium chloride solution having 95% by weight 

16 calcium choride. 

17 REV DUST is a simulated drill cuttings material available from M-I LLC of 

18 Houston, Texas. 

19 Class G Cement is a Portland cement formulated for use in cementing 

20 subterranean wells that is commercially available. 

21 Zechstein brine is an aqueous brine solution containing 50% w/v magnesium 

22 chloride, 0.038 w/v potassium chloride; 0.026 w/v sodium chloride; 0.63 v/v deionized 

23 water. 

24 All values associated with the formulations described below are grams unless 

25 otherwise specified. 
26 

27 Fvam ple 1. Dri llin p Fluid with 25% CaCU Brine 

28 A drilling fluid of the present invention was formulated to contain the following: 
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Fluid Formulation 


A 


10 C,*.,,, g 


173.7 


BENTONE 38, g 


7.0 


Lime, g 


2.0 


Emulpharma FU2U, g 


8 0 


Tapwater, g 


54.3 


CaCl, (95%), g 


18.1 


CaC0 33 g 


35 


MI Bar, g 


208.9 



The formulated fluid had a mud weight of about 1 1.8 ppg. The initial properties 
of the fluid were measured and then the fluid was aged at 200 °F for 16 hours with 
rolling. Rheology of the initial fluid and the aged fluid were measured at 120 °F. 
Representative data is given below: 



Fluid Properties 


Initial 


Aged 


600 rpm Rheology 


65 


73 


300 rpm Rheology 


42 


49 


200 rpm Rheology 


32 


37 


100 rpm Rheology 


23 


24 


6 rpm Rheology 


11 


4 


3 rpm Rheology 


9 


3 


PV., cP 


23 


24 


YP, lb/100 Ft 2 


19 


25 


10 s. Gel, lb/100 ft 4 


11 


3 


10min,Gel, lb/100 1 


13 


8 


HTHP @ 250°F, cc/30 


8 


0.8 


ES@ 120°F, Volts 


267 


609 



The ability of the above fluid to withstand contamination was tested by adding 
Zechstein (43 g) or a slurry of class G cement (70g)to the initial imaged drilling fluid. 
After aging the fluid . The fluid mixture was aged at 200 °F for 16 hours with rolling. 
Rheology of the initial fluid and the aged fluid were measured at 120 °F. Representative 
data is given below: 
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Fluid Properties 


Zechstein (43 g) 


Class G Cement (70g slurry) 


600 rpm Rheology 


59 


OJ 


300 rpm Rheology 


37 


J" 


200 rpm Rheology 


28 


jO 


100 rpm Rheology 


19 


zz 


6 rpm Rheology 


8 


A 


3 rpm Rheology 


6 


'J 
J 


PV., cP 


22 


OA 
ZD 


■v/t* 11-/1 f\f\ T?+2 

YP, Ib/lUU rr 


15 


33 


10 s. Gel, lb/100 ft* 


8 


4 


10min,Gel, lb/100 1 


11 


11 


HTHP @ 250°F, cc/30 


3.6 


1.4 


ES@120°F, Volts 


439 


305 



Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above formulated fluid is useful as an invert emulsion drilling fluid. Further, the 
fluid retains the properties required of a drilling fluid upon contamination by simulated 
contamination by Zechstein or a slurry of Class G cement. 

Example 2. Prilling Fluid w ith 75% CaCl, Brine 

A drilling fluid of the present invention was formulated to contain the following: 



Fluid Formulation 


B 


Bio Base-300, g 


173.4 


BENTONE 38, g 


9.0 


Lime, g 


2.0 


Emulpharma PG20, g 


8.0 


VERSAWET, g 


1.0 


Tapwater, g 


54.3 


CaCl 2 (95%), g 


18.1 


CaC0 3 , g 


35 


MI Bar, g 


208.9 



The formulated fluid had a mud weight of about 11.8 ppg. The initial properties 
of the fluid were measured and then the fluid was aged Rheology of the initial fluid and 
the aged fluid were measured at 120 °F. The ability of the above fluid to withstand 
contamination was tested by adding a slurry of class G cement (70g) or REV DUST (50g) 
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t „ the initial unaged driUing fluid. The fluid nature was aged a, 200 °F for .6 hours with 
rolhng. Rheology of fte initial fluid and the aged fluid were measured a. 120 F. 
Representative data is given below: 



4 
5 
6 
7 
S 
9 
10 
11 

12 




Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above formulated fluid is useful as an invert emulsion drilling fluid. Further, the 
fluid retains the properties required of a drilling fluid upon contamination by simulated 
contamination by a slurry of Class G cement or Rev Dust as a simulated drilling cutUngs 
solid. 

Fvam ple 3. Dri lls VUM ™ th 25% CaC1 ^ng 

A drilling fluid of the present invention was formulated to contain the following: 



H: 4294OK97BT01l.DOC) 



-13- 



Fluid Formulation 


C 


U 




F 


G 


Bio Base 


173.7 


173.7 


1 Id J 


17^ 7 


173.7 


BENTONE 38, g 




9.0 




19 0 


9.0 


BENTONE (EMI 
155), g 


9.0 




o c\ 
y.U 






Lime, g 


2.0 


2.0 


o n 
z.u 




2.0 


Emulpharrna PG20, g 




10.0 


1ft A 

1U.U 




10.0 


ARM 1-73 A, g 


13.0 










VERSAWET g 


1.0 


1.0 


l.U 


1 0 


1.0 


bcotroi 










0.5 


Tap water, g 


54.3 


54.3 


54.3 


54.3 


54.3 


CaCl 2 (25%), g 


18.1 


18.1 


18.1 


18.1 


18.1 


CaCO„ g 


35 


35 


35 


35 


35 


MI Bar, g 


208.9 


208.9 


208.9 


208.9 


208.9 



2 The formulated fluid had a mud weight of about 1 1 .8 ppg. The initial properties 

3 of the fluid were measured and then the fluid was aged at the temperatures shown for 1 6 

4 hours with rolling. Rheology of the initial fluid and the aged fluid were measured at 120 



5 °F. Representative data is given below: 



s.5 ; 


Fluid Formulation 


C 


] 


D 




Fluid Properties 1 


Initial Aged 


Initial 


Aged 




Aged Temp °F 


200 




300 














600 rpm Rheology 




45 






300 rpm Rheology 




30 






200 rpm Rheology 




20 






100 rpm Rheology 


3 


14 


3 

s 




6 rpm Rheology 


a 


6 




3 rpm Rheology 


£ 
o 


5 


o 
» 




PV., cP 


+-» 

M 


15 






YP, lb/100 Ft 2 


•*-» 


15 






lOs.Gel, lb/100 ft+ 


o 
o 


6 


o 
o 




10min,Gel,lb/100t z 


H 


9 


H 




HTHP@250°F, cc/30 










ES@120°F, Volts 




775 





6 
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Fluid Formulation 



Fluid Properties 



Aged Temp °F 



600 rpm Rheology 
300 rpm Rheology 



200 rpm Rheology 
100 rpm Rheology 



6 rpm Rheology 



3 rpm Rheology 
PV., cP 
YP, lb/100 Ff 



Initial 



65 



44 



33 



25 



Aged 



250 



56 



31 



20 



12 



i.Gel, lb/100 ft+ 



10 sj 

10min,Gel,lb/100t i 



HTHP@250°F, cc/30 



ES @120°F, Volts 



11 



11 

22 



12 



14 



649 



11 



Initial 



61 
42 



33 
25 



25 



_6_ 
2 



4.4 



471 



Aged 



300 



Initial 



44 



25 



18 



12 



11 
19 



23 



12 
15 



3 



19 
6 



_2_ 
3 



43 



Aged 



300 



30 
20 



15 



13 



17 



138 



100 



83 



60 



12 



10 



38 



617 



10 



325 



1_ 
9 



711 



62 
8 



5.6 



388 



Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above-formulated fluids are useful as an invert emulsion drilling fluids. Further, 
in formulation D the mud was too thick to measure after aging. In formulations E & F 
light senerises effect was observed. 

Kvam ple 4. D rillin g Fluid w ith 75% CaCl Brine 



Fluid Formulation 


H 


I 


J 


K 


L 


Bio Base-300, g 


173.7 


173.7 


173.7 


173.7 


173.7 


BENTONE 38, g 


12.0 




7.0 


9.0 


12.0 


BENTONE (EMI 
155), K 




9.0 








Lime, g 


2 


2 
10.0 


2 
10.0 


2 
10.0 


2 
10.0 


Emulpharma PG20, g 
VERSAWET, g 


10.0 
1.0 


1.0 


1.0 


1.0 


1.0 


Ecotrol(EMI-526), g 


0.5 




0.5 


0.25- 




Tap water, g 


54.3 


54.3 


54.3 


54.3 


54.3 


CaCl, (95%), g 


18.1 


18.1 


18.1 


18.1 


18.1 


CaC0 3 , g 


35 


35 


35 


35 


35 


MI Bar, g 


208.9 


208.9 


208.9 


208.9 


208.9 
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The formulated fluid had a mud weight of about 1 1.8 ppg. The initial properties 
of the fluid were measured and then the fluid was aged at 300 °F shown for 16 hours with 
rolling. Rheology of the initial fluid and the aged fluid were measured at 120 °F. 



Representative data is given below: 



Fluid Formulation 


H 


I 


J 


Fluid Properties 


Initial 


Aged 


Initial 


Aged 


Initial 


Aged 


600 rpm Rheologies 


60 


138 


64 


47 


34 


86 


^00 mm Rheoloeies 


42 


92 


42 


27 


22 


58 


200 rpm Rheologies 


32 


79 


32 


19 


16 


45 


100 rpm Rheologies 


24 


53 


24 


12 


11 


32 


6 rpm Rheologies 


12 


15 


12 


4 


6 


12 


3 rpm Rheologies 


11 


12 


10 


2 


5 


10 


PV., cP 


18 


46 


22 


20 


12 


28 


YP, lb/1 00 Ft 2 


24 


46 


20 


7 


10 


30 


10 s. Gel, lb/100 ft 2 


11 


13 


10 


4 


6 


12 


10min,Gel, lb/100 f 


14 


16 


12 


6 


8 


14 


HTHP @ 250°F, cc/30 




5.6 




9.2 




5.2 


ES @ 120°F, Volts 


791 


421 


673 


198 


626 


522 



Fluid Formulation 


K 


L 


Fluid Properties 


Initial 


Aged 


Aged 


600 rpm Rheologies 


45 


60 


154 


300 rpm Rheologies 


31 


35 


110 


200 rpm Rheologies 


23 


26 


91 


100 rpm Rheologies 


16 


16 


68 


6 rpm Rheologies 


8 


4 


28 


3 rpm Rheologies 


7 


2 


25 


PV., cP 


14 


25 


44 


YP, lb/100 Ft 2 


17 


10 


66 


10 s. Gel, lb/100 ft 2 


8 


3 


22 


10min,Gel, lb/100 f 


11 


4 


26 


HTHP @ 250°F, cc/30 




5.0 


14.0 


ES @ 120°F, Volts 


710 


361 


252 



Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above-formulated fluids are useful as an invert emulsion drilling fluids. 
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Exam ple 5. Drilling Fluid with 75% CaCl, Brine 



Fluid Formulation 


M 


N 


0 


o 
r 


o 


Bio Base-300, g 


173.7 


173.7 


173.7 


173.7 


1 Id. I 
n a 


BENTONE 38, g 


7.0 


7.0 


7.0 


7.0 


/.U 


Lime, g 


2 


2 


2 


2 


Z 


Emulphama PG20, g 


10.0 


10.0 


10.0 


1 A A 

10.0 


1 n n 


VERSAWET, g 


1.0 


3.0 








VERSA SWA, g 






0.5 


0.5 


1.0 


Ecotrol(EMI-526), g 


0.5 


0.5 


0.5 


0.5 


U.J 


Tap water, g 




54 3 


54.3 


54.3 


54.3 


CaCl 2 (95%), g 


18.1 


18.1 


18.1 


18.1 


18.1 


CaC0 3 g 


35 


35 


35 


35 


35 


MI Bar, g 


208.9 


208.9 


208.9 


208.9 


208.9 


REV DUST, % w/w 


5 




5 




5 


Class G Cem. % v/v 








10(70g 
slurry) 




Zechstein brine. % v/v 










10(43 g) 



The formulated fluid had a mud weight of about 11.8 ppg. Exemplary 
contaminates were added to each of the fluid formulations in an amount indicated. The 
initial properties of the fluid were measured and then the fluid was aged at 300 °F shown 
for 16 hours with rolling. Rheology of the initial fluid and the aged fluid were measured 



Formulation 


M 


N 


O 


P 




c 


> 


Fluid Properties 


Aged 


Initial 


Aged 


Initial 


Aged 


Initial 


Aged 


Initial 


Aged 


600 rpm Rheology 


151 


30 


88 


37 


61 


42 


125 


45 


37 


300 rpm Rheology 


112 


22 


56 


25 


34 


29 


88 


29 


23 


200 rpm Rheology 


96 


15 


45 


16 


24 


20 


72 


20 


16 


100 rpm Rheology 


73 


11 


31 


11 


14 


14 


52 


14 


11 


6 rpm Rheology 


28 


5 


10 


3 


3 


6 


12 


6 


4 


3 rpm Rheology 


22 


4 


8 


2 


2 


5 


12 


5 


3 


PV., cP 


39 


12 


32 


12 


27 


13 


37 


14 


14 


YP, lb/100 ft. 2 


73 


10 


24 


13 


7 


16 


51 


15 


9 


10 s.Gel, lb/100 ft 4 


18 


6 


7 


4 


4 


6 


11 


6 


5 


10 Min,Gel, lb/100 ft* 


24 


6 


9 


5 


7 


8 


13 


6 


6 


HTHP@250°F, cc/30 


15.0 




2.0 




20.0 




14.0 




12.0 


ES @ 120°F, Volts 


329 


467 


258 


225 


165 


382 


287 


320 


258 
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Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above-formulated fluids are useful as an invert emulsion drilling fluids. 

Fvam ple 6. Dr ilHn p Fluid with 25% CaCU Brine 

A drilling fluid of the present invention was formulated to contain the following: 



Fluid Formulation 



Bio Base-300, g 



BENTONE 38, g 



Lime, g 



Emulphama PG20, g 



VERSAWET, g 



VERSA SWA, g 



VERSAWET F, g 



Ecotrol(EMI-526), g 



Tap water, g 



R 



173.7 



7.0 



10.0 



173.7 



7.0 



3.0 



1.5 



0.5 



54.3 



CaCl 2 (95%), g 



VERSAMOD, g 



CaC0 3 g 



MI Bar, g 



REV DUST, % w/w 



Class G Cem. % v/v 



1.29 Zechstein brine. 
% v/v 



18.1 



10.0 
3.0 



1.0 



1.5 



173.7 



U 



173.7 



7.0 



10.0 



3.0 



7.0 



10.0 



7.0 
2 



0.5 



0.5 



54.3 



18.1 



35 



208.9 



35 



208.9 



10 



1.5 



0.5 



3.0 



0.5 



0.5 



54.3 



18.1 



35 



208.9 



10 



54.3 



18.1 



2.0 



35 



10.0 



3.0 



0.5 



2.0 
0.5 



208.9 



35 



208.9 



The formulated fluid had a mud weight of about 11.8 ppg. Exemplary 
contaminates were added to each of the fluid formulations in an amount indicated. The 
initial properties of the fluid were measured and then the fluid was aged at 300 °F shown 
for 16 hours with rolling. Rheology of the initial fluid and the aged fluid were measured 
at 120 °F. Representative data is given below: 
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Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above-formulated fluids are useful as an invert emulsion drilling fluids. 




Fluid Formulation 


W 


X 




25% CaCl 2 Brine 


NOVA PLUS 


10 C lM » g 




150.98 


Bio Base-300, g 


173.7 




VGPLUS,g 




4.0 


BENTONE 38, g 


12 




Lime, g 


2 


2.0 


NOVAMUL, g 




8.0 


NOVAWET, g 




3.0 


VERSACOAT, g 


8.0 




VERSAWET, g 


3.0 




Tap Water 


54.3 


80.97 


CaCl 7 (97%), g 


18.1 


28.5 


Ecotrol(EMI-526), g 


0.5 




CaC0 3 M, g 


35 




Ml Bar, g 


208.9 


226.54 



7 
8 
9 



The formulated fluid had a mud weight of about 11.8 PPg . The initial properties of 
the fluid were measured and then the fluid was aged at 300 °F shown for 16 hours w lt h 
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rolling. 



Rheology of the initial fluid and the aged fluid were measured at 120 



Representative data is given below: 



8 
9 
10 



Fluid Properties 



600 rpm Rheologies 



300 rpm Rheologies 



200 rpm Rheologies 



100 rpm Rheologies 



6 rpm Rheologies 



3 rpm Rheologies 



PV., cP 
YP, lb/100 ft 2 



W 



Initial 



36 



24 



18 



12 



_5_ 
6 



Aged 



30 
20 



12 



12 



3 



10 s. Gel, lb/100 ft 2 
10min,GeUb/10Ut i 



HTHP@250°F, cc/30 



ES@120°F, Volts 



12 
6 



8 



819 



10 



10 



6.0 



565 



Initial 



57 



36 



28 



19 



21 



15 



842 



Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above-formulated fluids are useful as an invert emulsion drilling fluids, 
n^pi. R S/W ratio ^ ™ FMt IT ,PHAFM A PG-?0 With 25%CaCl^rine 

A drilling fluid of the present invention was formulated to contain the following: 




The formulated fluid had a mud weight of about 12.0 ppg. The initial properties of 
the fluid were measured and then the fluid was aged at 250 °F shown for 16 hours with 
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rolling. Rheo.ogy of the W fluid and the aged fluid were measured a, .20 °F. 
Representative data is given below: 




4 
5 
6 
7 
8 



Upon review of the above data, one of ordinary «U in .he art should appreciate 
tba, the above-formulated fluids are useful as an invert emulsion drilling fluids. One 
would also note mat the decreasing of clay concentration is foilowed by lower rheology 

properties, formulations BB & CC. 
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The formulated fluid had a mud weight as shown. The initial properties of the 
fluid were measured and then the fluid was aged at 250 *F shown for 16 hours wUh 
rolling. Rheology of the initial fluid and the aged fluid were measured at 120 °F. 
Representative data is given below: 
1 Formulation 




8 



ES@120°F, Volts 
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! W 

S-i 



1 

2 

3 

4 

5 

6 

7 



Fluid Formulation 


GG 


HJ 


ri 


Fluid Properties 
Mud Weight, ppg 


Initial 
14.0 


Aged 
14.0 


Initial 
12. U 


Aged 


1Z.V 












600 rpm Rheologies 


82 


188 


11 




300 rpm Rheologies 


52 


120 


50 


JO 


200 rpm Rheologies 


40 


95 


40 


44 


100 rpm Rheologies 


28 


62 


^ A 

30 


Z / 


6 rpm Rheologies 


10 


19 


1 A 
10 


7 


3 rpm Rheologies 


9 


13 


o 
5 


c 
D 


PV., cP 


30 


68 


22 


4U 


YP, lb/100 Fr 


22 


52 


28 


16 


10 s. Gel, lb/lOOfV 


10 


19 


8 


9 


l0min,Gel,lb/l00t" 


10 


25 


11 


15 


HTHP @ 250°F, cc/30 




4.4 




3.0 


ES @ 120°F, Volts 


670 


708 


641 


847 



Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above-formulated fluids are useful as an invert emulsion drilling fluids. It should 
also be noted that decreasing the concentration of the clay lowered rheology, formulation 
GG. 

Example 9. 70/30 & 80/20 SWR with 25% CaCl, Bring 

Drilling fluids of the present invention were formulated to contain the following: 



Fluid Formulation 


II 


JJ 


S/W Ratio 


(70/30) 


(80/20) 


Bio Base-300, g 


140.3 


173.0 


BENTONE 38, g 


2.0 


12.0 


Lime, g 


2 


2 


GS-17 29 


10.0 


10.0 


VERSAWET g 


3 


3 


25% CaCl 2 brine, g 


105.4 


72.4 


VERSAVERT F, ppb 


1.5 


1.5 


Ecotrol (EMI-526), g 




0.5 


VERSA SWA, g 


1.0 




CaCOj, M, g 


35 


35 


MI Bar, g 


199.06 


208.9 
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The formulated fluid had a mud weight as shown. The initial properties of the 
fluid were measured and then the fluid was aged at 250 °F shown for 16 hours with 
rolling. Rheology of the initial fluid and the aged fluid were measured at 120 °F. 



5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



Fluid Formulation 


II 


JJ 


[ 


Fluid Properties 


Initial 


Aged 


Initial 

111111 £11 


Aced 


Mud Weight, ppg 


12.0 


12.0 


i n n 


10 0 












600 rpm Rheologies 


69 


100 


1ZU 


120 


3UU rpm Kneoiogies 


47 


65 


34 


82 


200 rpm Rheologies 


40 


51 


24 


67 


100 rpm Rheologies 


28 


36 


15 


47 


6 rpm Rheologies 


7 


20 


6 


22 


3 rpm Rheologies 


5 


18 


5 


20 


PV., cP 


22 


35 


20 


43 


YP, lb/100 Ft 2 


25 


30 


14 


39 


10 s. Gel, lb/100 fV 


5 


21 


6 


27 


10 min,Gel, lb/100 tf 


8 


29 


10 


35 


HTHP @ 250°F, cc/30 




7.0 




1.2 


ES @ 120°F, Volts 


347 


681 


677 


1617 



Upon review of the above data, one of ordinary skill in the art should appreciate 
that the above-formulated fluids are useful as an invert emulsion drilling fluids. It should 
also be noted that decreasing the concentration of the clay lowered rheology, formulation 
GG. 

In view of the above disclosure, one of o/dinary skill in the art should understand 
and appreciate that one illustrative embodiment of the present invention includes an 
invert emulsion drilling fluid that is formulated to include: an oleaginous continuous 
phase, a non-oleaginous discontinuous phase a surfactant that is a fatty acid ester of 
diglycerol or triglycerol, and a weighting agent. In one such illustrative embodiment, the 
surfactant is a di-fatty acid ester of/iglycerol in which the fatty acid has the formula 
RC0 2 H and the R is an alkyl or akeiyl having 10 to 20 carbon atoms. Alternatively, the 
surfactant is a di-fatty acid este/ triglycerol in which the fatty acid has the formula 
RC0 2 H and the R is an alkyl L akenyl having 10 to 20 carbon atoms. More preferably 
the surfactant is selected fro/polyglyceryl-2 diisostearate or polyglyceryl-3 diisostearate 
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or mixtures and combinations of these. One of skill in the art should appreciate tha, the 
„,eaginous fluid may be selected from a variety of suitable fluids known in the art, 
including diesel oil, mine/al oil, synthetic oil, ester oils, glycerides of fatty ac.ds, 
aliphatic esters aliphatic/ethers, aliphatic acetals, or other such hydrocarbons and 
combinations and mixuis of these and similar fluids. In a similar manner, the non- 
oleaginous phase may/e selected from a wide range of suitable fluids known in the art 
including fresh waJ, sea water, brine, aqueous solution, containing water soluble 
organic salts, wate/ soluble alcohols or water soluble glycols or combinations and 
mixtures of these/and similar fluids. The weighting agent component of such an 
iHustrative drilling fluid can be either a water soluble weighting agent or a water 
insoluble weighing agent or combinations and mixtures of these two. In one illustrative 
embodiment,! water insoluble weighting agent is selected from barite, calcite, mulhte, 
gallena maLnese oxides, iron oxides, or combinations and mixtures of these and 
similar Jl materials used to weigh. drilUng fluid, In another i.lusttative embodiment, 
the wate/soluble weighting agent is selected from water soluble salts of zinc, tron, 
barium/calcium or combinations and mixtures of these in aqueous solutions used to add 

1 7 weight to drilling fluids. 

18 'it should further he appreciated that another illustrative embodiment of the present 
,9 invention includes an i/vert emulsion drilling fluid formulated to include: an oleaginous 
20 continuous phase, a L-oleaginous discontinuous phase, a biodegradable surfactant 

, U C 21 including a di-fatty acid ester of diglycerol, and a weighting agent. In such instances, the 
0$\ 22 fatty acid prefer*/ has the formula RCO.H in which R is an alky, or akenyl havmg 10 

23 to 20 carbon atoms. More preferably the di-fatty acid ester of diglycerol ,s a 

24 polyglyceryl-2 diisostearate. 

25 Yet another illustrative^mbodiment of the present invention includes an invert 

26 emulsion drilling fluid that includes: an oleaginous continuous phase, a non-oleaginous 
V* 27 discontinuous phase, a biodegradable surfactant including a di-fatty acid ester of 
^7 28 triglycerol in which the f/tty acid has the formula RC0 2 H and R is an alkyl or akenyl 

29 having 10 to 20 carbon 1ms, and a weighting agent. It is preferred that the di-fatty «d 

30 ester of triglycerol is p/lyglyceryl-3 diisostearate. 
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I, will also be appreciated by one or ordinary skill in fte art tot a present 
iUustrative embodiment of to present invent! includes a method of formulating an 
invert emu.sion drilling fluid so as to exhibit L characteristics of to above descnbed 
fluids One such illustrative method, includes mixing an oleaginous fluid, a non- 
oleaginous fluid, a biodegradable surfactant/and a weighting agent to form and invert 
emulsion. The biodegradable surfactant /ncludes a fatty acid ester of diglycerol or 
triglycerol in amounts sufficient to form I invert emulsion in which the oleaginous flutd 
is to continuous phase and to no„-ole/ginous fluid is to discontinuous phase, to one 
y preferred illustrative embodiment to f/tty acid ester is a di-fatty acid ester of diglycerol 
Sjfj 10 m which fatty acid has to formula RC02H and R is an allcyl or axenyl having 10 ,0 20 
07 , , carbon atoms. In another preferred* illustrative embodiment, a di-fatty acid ester of 
triglycerol is utilized in which to fai acid has to formula RC02H and R is an alkyl or 
aJcenyl having 10 to 20 carbon atof The oleaginous fluid is preferably selected ftom 
diese. oil, mineral oil, synthetic „i , ester oils, glycerides of fatty acids, aliphatic esters, 
aliphatic ethers, aliphatic acetals/or other such hydrocarbons and combinations and 
mixtures of these and similar fluids Similarly, to non-oleaginous phase is preferably 
selected from fresh water, sea v/ater, brine, aqueous solutions containing water soluble 
organic salts, water soluble alcohols or water soluble glycols or combinations and 
mixtures of these and sintil J fluids. In one preferred illustrative embodiment, to 
weighting agent is either a wJer soluble weighting agent or a water insoluble wetghtmg 
agent or combinations and fixtures of to two. In such cases, to water insoluble 
weighting agent is preferab/y barite, calcite, mullite, gallena, manganese oxtdes, rron 
oxides, o, combinations a/d mixmres of these and similar weigh, materials whtle to 
water soluble weighting agent is preferably selected from water soluble sate of zmc, tron, 
barium, calcium or combinations and mixtures of these and similar materials. 

I, should also be appreciated jW the present invention encompasses a method of 
„ drilling a subterranean hole with «L invert emulsion drilling fluids as described above, 
S % 28 such an illustrative method inc.u/es: mixing an oleaginous fluid, a non-oleaginous flutd, 
a I 29 a biodegradable surfactant, and / weighting agent to form an invert emulsion, and dnlhng 
30 said subterranean hole using ^d invert emulsion as to drilling fluid. I, is preferred tot 
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the biodegradable surface, is a fatt* acid ester of diglycerol or triglycero! to. is present 
in amounts sufficient to form an invert emulsion in which the oleaginous fluid ,s the 
continuous phase and the non-oleagUs fluid is the discontinuous phase. In a more 
preferred embodiment, the fatty acf ester of digiycero. or triglycerol is a di-fatty ac,d 
ester of diglycerol in which the fattl acid has the formuia RCC^H and the R is an alky, or 
akenyl having 10 to 20 carbon atoms. Alternatively, the fatty acid ester of diglycerol or 
triglycerol may be a di-fatty acid/ester of triglycerol in which fatty acid has the formula 
R C0! H and the R is an alkyl ct akenyl having 10 to 20 carbon atoms. As disclosed 
above, the oleaginous fluid is preferably selected from diese. oil, mineral oil, synthetic 
,„ „i., ester oils, glycerides of fai acids, aliphatic esters, aliphatic ethers, aliphatic acetals, 
7 , , or other such hydrocarbons aid combinations and mixtures of these and similar funds. 
' 12 The non-oleaginous phase il preferably selected from fresh water, sea water, bnne, 
aqueous solutions containing/ water soluble organic salts, water soluble alcohols or water 
soluble glycols or combinations and mixtures of these and similar fluid, The weighttng 
agent can be a water-so Jle weighting agent or a water insoluble weighting agent or 
combinations of the two. f referably the water insoluble weighting agent is selected from 
barite, calcite, mullite, iallena, manganese oxides, iron oxides, or combinations and 
mixtures of these and silar weighting agents. While the water soluble weighting agent 
is selected from water liable salts of zinc, iron, barium, calcium or combinations and 
mixtures of these and (Similar weighting agents. 

Also encompassed is a method of drilling- a subterranean well with an mvert 
emulsion drilling fluid, said method comprising mixing an oleaginous fhnd, a non- 
oleaginous fluid, a biodegradable surfactant/and a weighting agent to form an mvert 
„ emulsion, circulating said invert emulsion/uun said subterranean well and drilhng satd 
25 subterranean well using said invert emuion as the drilling fluid. In such an illustrative 
<*7 26 embodiment, the biodegradable surf/tan. includes a fatty acid ester of diglycerol, » 
which the fatty acid has the formulaVc^ and R is an alkyl or akenyl having 10 to 20 
carbon atoms. The biodegradab/ surfactant is in amounts sufficient to form an mvert 
emulsion in which the oleaginous fluid is the continuous phase and the non-oleagmous 
fluid is the discontinuous p^se. I. is preferred tba, the fatty acid ester of diglycerol ,s a 
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di fatty a/id ester and more preferably the fatty acid ester of diglycerol is po.yglyeeryi-2 

2 diisosteepte. 

Another illustrative embodiment includes a method of drilling a subterranean well 
witt, an invert emulsion drillfg fluid, in which the method includes: mixing an 
oleaginous fluid, a non-oleagjious fluid, a biodegradable surfactant, and a wetghttng 
agent to form an invert lulsion, circulating said invert emulsion wthm satd 
subterranean well and driUiig said subterranean well using said invert emulsion as the 
„, » drilling fluid. As par. of th/e illustrauve method, the biodegradable surfactant includes a 
5 , V7 9 fatty acid ester of triglycll having the formula RC0 2 H in which the R is an alkyl or 
' ,0 akenyl having 10 to 2o/carbon atoms. The biodegrcdable surface, is in amounts 
sufficient to form an iiert emulsion in which the oleaginous fluid is the continuous 
phase and the non-oleaginous fluid is the discontinuous phase. It is preferred that the 
fatty acid ester of trig/ycerol is a di-fatty acid ester and more preferably the fatty ac,d 
14 ester of triglycerol is polyglyceryl-3 diisostearate. 

While the apparatus, compositions and methods of this invention have been 
described in terms of preferred or illustrative embodiments, it will be apparent to those of 
skill in the art that variations may be applied to the process described herein wtthout 
departing from the concept and scope of the invention. AH such similar substitutes and 
modifications apparent to those skilled in the art are deemed to be within the scope and 
O 20 concept of the invention as it is set out in the following claims. 
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